Implementation Details
Once the density matrix and the magnetically perturbed density matrices have been obtained from a NMR magnetic shielding calculation, the density matrices have to be transformed into the appropriate format for GIMIC calculations. The density matrices in the Gaussian code are expressed in real spherical-harmonic atomic orbital basis (spherical AO), whereas the GIMIC code use Cartesian basis sets (Cartesian AO). The basis functions are also sorted differently in the two codes. Thus, the elements of the density matrices have to be reordered and transformed from the spherical AO basis to the Cartesian representation. The expression for the transformation coefficients is derived in detail here.
Spherical-harmonic atomic orbital
In most quantum chemistry packages, the AOs are written as a linear combination of contracted Gaussian Type Orbitals (CGTOs) 1 :
A normalised primitive GTO is defined as 1 : 
where Y m (r, θ , φ ) = r Y m (θ , φ ) is a complex solid harmonic. The contraction coefficients d ν µ are the same for all the angular components are therefore the contraction only involve the radial part of the orbital. A CGTO can thus be separated into two parts:
From the normalisation of the radial function, the contracted coefficients are related by: 
The complex solid harmonics are defined by introducing the real-valued solid harmonics (S m ):
Y |m| = (−1)
Y ,−|m| = 2 + 1 8π
Since it is generally easier to deal with real atomic orbitals, we also use real normalised spherical-harmonic CGTOs which are defined as:
Note that the (−1) |m| phase factor is often omitted and will not be considered in the following.
The real-valued solid harmonics (S m ) for ≤ 4 are given in Table 1 . 
Cartesian atomic orbital
Even though spherical AOs have many advantages as compared to Cartesian AOs, quantum chemistry codes often employ Cartesian AOs in the algorithms for computational reasons. Transformations between the two representations are an integrated part of many electronic structure codes. A Cartesian GTO is defined as:
A normalised Cartesian CGTO is therefore defined as:
GIMIC as well as many quantum chemistry codes do not use normalised CGTOs but instead they use the same normalisation factor for all the Cartesian orbitals of a given :
Relation from Cartesian to spherical-harmonic functions A shell of normalised Cartesian CGTO of a given value can be transformed into real normalised CGTOs:
The coefficients for m > 0, m < 0 and m = 0 are given by 2 :
where τ = ( x + y − |m|)/2 and is an integer. If τ is a half-integer, c ,m, x , y , z = 0. α and β are also integers. Note that the binomial term a b is zero for b < 0 and for b > a.
Relation from spherical-harmonic to Cartesian functions
The inverse relation, from real normalised CGTO to normalised Cartesian CGTO reads:
where the c
coefficients must fulfil the following relation:
When S denotes the overlap matrix for Cartesian AOs, c † Sc = 1 is the overlap matrix for spherical-harmonic orbitals. Therefore,
The overlap between normalised Cartesian orbitals of the same total angular momentum is:
and ( x1 + x2 )/2, ( y1 + y2 )/2, ( z1 + xz )/2 are integers or S = 0.
Transformation of the density matrix
Equations 15 and 19 can be generalised to express the relation between all the normalised real spherical-harmonic CGTOs and normalised Cartesian CGTOs for a molecule in a given basis set:
where µ, ν are used to refer to spherical-harmonic CGTO and p, q to Cartesian CGTO.
By introducing the LCAO coefficients (C CGTO, R µi
) of the molecular orbitals (φ i (r, θ , φ )) one obtains:
Inserting Equations 23 and 24 into the two previous equations gives the two sets of LCAO coefficients:
Finally, the definition of the density matrices expressed in both type of orbitals are given by:
The relation between the two density matrices are therefore:
where Eq. 31 is the key expression used in Gaussian2Gimic.py to transform the density matrices obtained using the Gaussian quantum chemistry program to the input density matrices of the GIMIC code. 
Cartesian coordinates of the studied molecules

